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CHAPTER I
I NTRODUCT I ON

The bib liog raphies presented in appendices A and B represent a

collection of technical documents and articles treating subjects related

to cond uct ion p rocesses and fa i lu re  mechanisms i n bi polar  sem i cond uctors
exposed to high amplitude electrica l transients. The sources cited in

appendix A generally treat conduction processes which precede catastro-

phic junction damage. The sources cited in appendix B dea l more directly

wi th the failure phenomeno logy i nvolved in the damage. Appendix A is

d ivided into sections treating reverse bias processes and forward bias

processes. Each of those sections is divided into parts for articles

direc t ly rela ted to the topic , ind i rectly related to the topic , and

per i pherally related to the topic. Entries in each part are alphabetized

accord i ng to author.

Appendix B is divided in to sections treating reverse bias failure ,

forward bias failure , in terconnec t ion fa i lure , and genera l causes of
failure. Each section includes separate parts for materials directly,

i n d i r ectly ,  or peripherally related to the topic. Entries in each part

are al phabetized accord i ng to author.
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APPENDIX A
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A. REVERSE BIAS PROCESSES, INCLUDING AVALANCHE, SECOND BREAKDOWN, ETC.

Part I: Articles Directly Related to Device Failure

1. Adirovich, E. I. and E. N. Kuynetsova. “The Capacitance and Elec-
trical Breakdown of PN Junctions,” Radiotekhnika Elektronika (USSR),
4, 10 October 1960, pp. 1708—1717 (in Russian).

2. Alferov, Zh. I., et al. “The Temp. Dependence of the Breakdown
Voltage of Ge and Si Diodes,” Fiz. tverdogo Tela. (USSR), Sbornlk
(Supplement) II, 1959, pp. 104—108 (in Russian).

3. Beeson, R. H., et al. “Thermal Response of Transistors in the
Avalanche Mode,” Proc. Nat. Electronics Conf., 15, 1954 , p. 546.

4. “Collector Breakdown Phenomenon in Power Transistors,” Elektron.
Rundschau (Germany), 16, 5, Nay 1962, pp. 221—222 (in German).

5. Forrest, M. L. N. “Avalanche Carrier Multiplication in Junction
Transistors and its Implications in Circuit Design,” J. Brit. Instn.
Radio Engrs., 20, 6, June 1960, pp.429—439.

6. Gotzberger, A. “The Voltage Dependence of Reverse—Current in Alloy
Transistors,” Z. Angew, Phys., 11, 1, January 1959, pp. 6—9 (in
German).

7. Greenburg, R. “Breakdown Voltage in Power Transistors,” Semiconduc-
tor Prod., 4, 11, November 1961, pp. 21—25.

8. Gribnikov, Z. S. “Avalanche Breakdown in a Diode with a Limited Space-
Charge Layer,” Fiz. tverdogo Tela., 2, 5, May 1960, pp. 854—856 (in
Russian).

9. Grosvalet, 3. “Some Properties of Small—Area Si Alloy Junction
Diodes, I. Avalanche and Breakdown Voltage.” Ann. Radioelect., 13,
April 1958, pp. 162—166 (in French).

10. Guggenbuhi, N. “Voltage Breakdown in Junction Transistors Under
General Circuit Conditions,” Arch. elekt. Ubertraguqg, 13, 11, Nov-
ember 1959, pp. 451—461 (in German).

11. Hamilton, D. J. “Maximum Avalanche Multiplication in PN Junctions,”
Proc., IRE, 48, 10, October 1960, pp. 1787—1788.

12. Karpov, Yu S. “Temp. Dependence of Low Frequency Fluctuations of
Conductivity itt Reverse — Biased Ge P—N Junctions,” Fia. tverdogo
Tela, (USSR), 3, 5, May 1961, pp. 1571—1573 (in Russian).
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13. Ko, W. H. “The Reverse Transient Behavior of Semiconductor Junction
Diodes,” IRE T—ED, ED—8, 2, March 1961, pp. 123—131.

14. Oka, H. “Breakdown in Si Power Diode,” Mitsubishi Kenki Lab. R~p.
(Japan), 2, 4, October 1961, pp. 554—555.

15. Oka, H. and S. Oshima. “Breakdown in Si Power Diode.” Mitsubishi
Denki Lab. R~p. (Japan), 3, 2, April 1962, pp. 165—181.

16. Plummer , A. R. “The Effect of Heat Treatment on the Breakdown
Characteristics of Silicon PN Junctions,” J. Electronics and Control,
5, 5, November 1958, pp. 405—416.

17. Root, C. D., et al. “Avalanche Breakdown Voltages of Diffused Si &
Ge Diodes,” IRE T—ED, ED—7, 4, October 1960, pp. 257—262.

18. Ryder—Smith , S. C. “Voltage Breakdown of Transistors,” Electronic
Technol. (GB), 38, 10, October 1961, pp. 367—369.

19. Schafft , H. A. and J. C. French. “Characteristics of Second Break-
down and Transistor Failure,” P~ys. of Failure in Electronics
Symposium, 1, 1963, p. 104.

20. Schaf ft and French . “Second Breakdown in Transistors,” IRE T—ED
ED—9, March 1962, pp. 129—136.

21. Schmeltzer, R. A. “Max. Stable Collector Voltage for Junction
Transistors,” Proc. IRE, 48, 3, March 1960, pp. 332—340.

22. Senderikhin, I. M. “Theory of the Thermal Breakdown of Ge Diodes,”
Flz. tverd~~o Tela., 2, 7, July 1960, pp. 1506—1517 (in Russian).

23. Shields, J. “Avalanche Breakdown Voltage in Hemispherical (P—N)
Junctions,” J. Electronics and Control, 4, 1, January 1958, pp.
58—60.

24. Shields, J. “Breakdown in Si p—n Junctions,” Journal of Electronics
and Control, 6, (1959) p. 130.

25. Shields, J. “The Avalanche Breakdown of Narrow p+vn+ Diodes,”
Journal of Electronics and Control, 4, 6, June 1958, pp. 544—548.

26. Shotov , A. P. and B. M. Vol. “Edge Breakdown of P—N Junctions in
Ge,” Zh. tekh. Fiz., 27, 10, 1957 , pp. 2189—2194 (in Russian).

27. Shotov, A. P. “The Dependence of Electric Breakdown of PN Junction
on the Crystallographic Direction,” Fiz. tverdogo Tela. (USSR),
Sbornik (Supplement) II, 1959, pp. 91—95 (in Russian).
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28. Shul’man, S. G. “Ge Diode Inverse Current as a Function of the
Voltage Pulse Repetition Frequency, Fiz. tverdogo Tela., 1, 4,
April 1959, pp. 597—601.

29. Somos, I. “Commutation and Destructive Oscillations In Diode
Circuits,” Tran s. Amer. Inst. Elect. Engrs., I, 80, Comm . and
Electronics, No. 54, Nay 1961, pp. 162—172.

30. Thornton, C. G. and C. D. Simmons. “A New High—Current Mode of
Transistor Operation” (Early report of second breakdown), IRE T—ED,
ED—5, 1, January 1958, pp. 6—10.

31. Tokugama, T. “Zener Breakdown In Alloyed Ge p+ —n Junctions ,”
Solid—State Elec ., 5, June 5, 1962, pp. 161—169.

32. van Biluon, L. “Transistor Avalanche Voltage ,” Electronic Tech .,
37, 2, February 1960, pp. 72—76.

33. Yamaguchi, J. and Y. Hamakawa. “Electrical Breakdown in Ge p—n
Junction,” Technol. Rep. Oska Univ. (Japan) 9, March 1959, Pp. 23—30.

34. Yee, R., et al. “Avalanche Breakdown in N—P Ge Diffused Junctions,”
J.A.P. 30, 4, April 1959, pp. 596—597.

Part II: Articles Indirectly Related to Device Failure

1. Cohen, J. “Transition Region Properties of Reverse—Biased Diffused
P—N Junctions,” IRE T—ED, ED—8 , 5, September 1961, pp. 362—369.

2. Kennedy, D. P. “Reverse Transient Characteristics of a PN—Junction
Diode Due to Minority Carrier Storage ,” IRE T—ED, ED—9, 2, March
1962 , pp. 174—182.

3. Misawa, T. “Theory of the P—N Junction Device Using Avalanche
Multiplication,” Proc. IRE, 46, 12, December 1958, p. 1954.

4. Peterson, E. D., “Calculating ‘Worst—Case’ Transistor Leakage
Current,” Electronics, 34, 40, October 6, 1961, pp. 74—76.

5. Popov, P. A. “The Problem of the Reverse Collector Current in a
Junction Transistor,” Radioteknika i Elektronika (USSR), 5, 5, May
1960, pp. 806-810 (in Russian).

6. Rose, R. W. G. “A Comparison of the Theory of Impact Ionization with
Measurement on Si p—n Junctions,” Journal of Electronics and Control,
6, 1959, p. 70.
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C
7. Schully, D. “Transient Response of Variable Capacitance Diodes,”

IRE T—Compn. Parts, CP—7, 2, June 1960, pp. 49—53.

8. Shockley, W. and J. Gibbons. “Theory of Transient Build—up in
Avalanche Transistors,” Trans. AIEE I, vol. 77, Conunun. and Electro-
nics, No. 40, January 1959.

9. Wonson, R. C. and W. A. McCarthy. “An NPN Fusion Alloy Si Transistor
for ‘Avalanche Mode’ Operation,” IRE International Convention Record,
8, pt 3, 1960, pp. 10—16.

10. Wutsch, F. “On the Contraction Effect in Transistors Operated in the
Avalanche Region,” Arch. elekt. Ubertragung (German), 16, 1, January
1962, pp. 1—8.

11. Zellmor, L. R. “Design Criteria: Transmitter High Voltage Sol—State
Rectifiers,” IRE T—Broadcasting, BC—7, 1, January 1961, pp. 15—21.

Part III: Articles Peripherally Related

1. Bok, J., J. C. Sohm , and A. Zylbersztejn. “Avalanche Ionization of
Impurities in Silicon” (1963), Semiconductor Physics Conference,
Prague, 1960, pp. 138—141 (in French).

2. Chapouille, P. “Using Transistors in the Avalanche Regine,” Ann.
Radioelect. (France), 16, October 1961, pp. 277—292 (in Franch).

3. Clorfeine, A. S. “Diode Reverse Characteristic at Low Temp,” Proc.,
IRE , 49, 9, September 1961, pp. 1425—1426.

4. Mitler , H. W. and Q. A. Kerns. “Transistors for Avalanche—Mode
Operation,” Rev. Sci. Instrum ., 33, 8, August 1962, pp. 877—878.
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2
B. FORWARD BIAS EFFECTS , INCLUDING THERMAL HEAT ING , THERMAL

MODELING, AND THERMAL CHARACTERISTICS UNDER “NORMAL ”
CIRCUIT CONDITIONS.

Part I: Articles Directly Related to Device Failure

1. Andrews, J. D. and E. D. Jones. “Transistors and High Power Pulses,”
Electronic Engr. (GB), 34, April 1962, pp. 244—246.

2. Barnes, F. S. “The Forward Switching Transient in Semiconductor
Diodes at Large Currents ,” Proc. IRE, 46, 7, July 1958, pp. 1427—
1428.

3. Berestovskii, G. N. “Static Characteristics and Transient Processes
in a Semiconductor Triode at a Large Signal,” Radiotekhnika i Elek—
tronika (USSR), 5, 3, March 1960, pp. 460—470 (in Russian).

4. Berman, L. S. “An Approximate Method of Calculating Transient Pro-
cesses in Transistors for Large Signals,” Radiotekhnika i Elektronika

- 
(U SSR),  4, 11, November 1959, pp. 1920—1926 (in Russian).

5. Blake, C. and W. J. Ince. “Tunnel Diode Burnout from the Video Tran-
sient of Gaseous Noise Sources,” IRE—T—MTT, MTr—lO, January 1962.

6. Budinsky,  J. “Static Characteristics of Junction Transistors Under
Pulsed Conditions,” Slaboproudy Oby~r, 20, 9, 1959, pp. 570—577
(in Czech).

7. Demontvignier, M. “Limitation of the Transient Currents of a Dead
Short—Circuit in the D. C. Scale of a Graety—Connected Semiconductor
Rectifier ,” Bull Soc. Franc. Elect. (Ser.8), 2, 14, February 1961,
pp. 106—119 (in French).

8. Diebold, E. J. and W. Luft. “Transient Thermal Impedance of Semicon-
ductor Devices,” Trans. AIEE I, 79 , (1961) — Comm. & Electronics, No.
52, January 1961, pp. 719—726.

9. Gates, R. F. and R. A. Johnson. “The Measurement of Thermal Resistance
(of Semiconductor Devices),” Semiconductor Prod ., 2, 7, July 1959,
pp. 21—26.

10. Grannemann, W. W. and J. D. Reese. “Transient Junction Temperatures in
Power Transistors,” Elect. Engr., 79, 1, January 1960, pp. 53—57.

11. Hall, H. H., et al. “The Effects of Pressure & Temp. on the Resistance
of PN Junction in Ge,” Phys. Rev ., 84, October 1951, pp. 129—132.
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L
12. Hilbourne, R. A. and D. D. Jones. “The Max. Voltage, Current, and

Power Ratings of Junction Transistors,” Proc. IRE, Paper 3048 E
(Int’l. Cony, on Transistors & Assoc. Semicon. Devices), vol. lO6B,
Suppl. 17, 1959 , pp. 998—1003, 1009—1011.

13. Hogarth, C. A., et al. “Thermal—Resistance Considerations in the
Design of Semiconductor Devices,” Proc. lEE, Paper 2968E (Inter-
national Cony, on Transistors & Assoc. Semicon. Devices) publ. May
1959 (Part B suppl . no. 15, ppr. 402—408, 434—436).

14. Ilberg, V. and L. Stourac. “Influence of Thermo—Electric Cooling on
the Magnitude of the Collector Leakage Current and the (Dissipation)
Power of Ge Junction Transistors,” Slab~roudy Obgor (Czechoslovakia),
22 , 12, 1961, pp. 725—728 (in Czech).

15. Jakits, 0. “Measurement of the Thermal Behavior of Semiconductor
Diodes,” Elektrotech Z. (E.T.Z.) A, 80, 15, August 1, 1959, pp.
518—520 (in German).

16. Jonscher, A. K. “Analysis of Current Flow in a Planar Junction Diode
at a High Forward Bias,” J. Electronics & Control, 5, 1, July 1958,
pp. 1—14.

17. Kikuchi, M. and Y. Abe. “Observations of Instability in Semicon-
ductors Caused by Heavily Injected Minority Carriers,” J. Phys. Soc.
Japan, 17, 8, August 1962, pp. 1268—1280.

18. Koehler, E. “Behavior of p—n Junctions Under Pulse Operation,”
Nachrichtentechnik (Germany), 10, 2, February 1960, pp. 62—67 (in
German) .

19. Leroux , C. P. “Determination of the Thermal Impedance of a Transistor ,”
Proc. lEE, Paper 3128 E (Int ’l. Cony. on Transistor & Assoc. Semicon.
Dev ices , May 1959), vol. 1O6B, Suppl. 17, 1959, pp. 1153—1154.

20. Un , H. C. and W. F. Jordan , Jr. “Effect  of Transient Voltages on
Transistors,” IRE T—ED, ED— 6, 1, January 1959, pp. 79—83.

21. Lin, H. C. “Thermal Stability of Junction Transistors & Its Effect
on Max. Power Dissipation ,” IRE T—Circuit Theory CT—4 , 3, September
1957 , pp. 202—210.

22. Lin, H. C. et al. “Transient Operation of Transistor with Inductive
Load,” IRE T—ED , Ed— 7 , 3, July 1960, pp. 174—178.

23. Madigan , J. R. “Thermal Characteristics of Si Diodes,” Electronic
Industr., 18, 12, December 1959, pp. 80—88.
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* 24. Madigan, J. R. “Thermal Characteristics of Si Diodes, II ,” Electronic

Industr., 19, 1, January 1960 , pp. 83—87.

25. Maloff, I. C. “Heat Transfer in Power Transistors,” Electronic
Industr., 16, 12, December 1957, pp. 54—55, 152—157.

26. Mascarin, R. “Currents Produced by a Dead Short—Circuit on the D. C.
Side of a Graety—Connected Semiconductor Rectifier ,” Bull. Soc. Franc.
Elect. (Ser. 8), 2, 14, February 1961, pp. 97—105 (in French).

27. Mathews, J. “Transistor Failure Modes in High—Power Switching
Operation,” IRE T—B &TVR, BTI~—8, 2, July 1962 , pp. 35—39.

28. Melehy,  M. A. and W. Shockley. “Response of a PN Junction to a
Linearly Decreasing Current,” IRE T—ED, ED—8, 2, March 1961, pp.
135—139.

29. Nosov, Yu. R. “Transient Processes in Semiconductor Diodes with Short
Pulses of Direct Current,” Radiotekhnika i Elektronika (USSR), 6, 2,
February 1961, pp. 313—320 (in Russian).

30.. Pignedolo, A. “On a Certain Problem of Temp. Distribution of Interest
in Transistor Junction Theory ,” R. C. Accad. Naz. Lincei, 23, 5,
November 1957, pp. 257—262 (in Italian).

31. Popor, I. A. “Thermal Processes in Junction Transistors,” Radio—
tehnika, 15, 1, January 1960, pp. 72—77 (in Russian).

32. Reese, J., et al. “An Electric Analog of Heat Flow in Power Transis-
tors ,” Trans. AIEE I, 78, Commun. & Electronics, no. 45., September
1959 , pp. 640—643.

33. Reich, B. “Measurement of Transistor Thermal Resistance,” Proc. IRE,
46 , 6, June 1958 , pp. 1204—1207.

34. Reimann, H. “The Thermal Response of Transistors with Variable Collec-
tor Dissipation,” Nachrichtentech. Z.(NTZ)(Gertnany) , A , 2, pp. 69—72.

35. Roberts, G. N. and R. W. A. Scarr. “The Design & Measurement of Semi-
conductor Devices in Terms of Thermal Behavior,” Proc. IEEE Paper
2919 E (In t’l. Cony, on Transistors & Assoc. Semicon. Devices), publ.
May 1959. To be republished in vol. lO6B, 1959.

36. Seurot , J. P. M. “On the Problems of Cooling Semiconductor Elements,
Diodes, and Transistors. Simple Calculation of the Thermal Resistance
of Cooling Structures and Determination of the Max. Dissipated Power,”
Onde elect., 40, February 1960, pp. 164—182 (in French).
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37. Shockley , W., et al. “Thermal Instabilities and Hot Spots in Junction
Transistors,” Phys. of Failure in Electronics Symposium, 1, 1963, p.
194.

38. Sotskov, B. S. “Thermal Stability and Permissible Power Dissipation
and Collector Voltage for Transistors,” Avtomat—2 Telmekh. (USSR),
20, 11, 1959, pp. 1525—1527 (in Russian).

39. Sparkes, J. J. “Voltage Feedback and Thermal Resistance in Junction
Transistors,” Proc., IRE, 46, 6, June 1958, pp. 1305—1306.

40. Spenke, E. “The Inductive Behavior of P—N Rectifiers at High Forward
Currents ,” Z. Angew. Phys., 10, 2, February 1958, pp. 65—88.

41. Spradlin, B. C. “Effects of Operation of Ge Alloy Junction Transistor
Above Rated Conditions,” Trans. AIEE I, vol. 78, Comm. & Electronics,
no. 44, September 1959, pp. 346—352.

42. Strickland , P. R. “The Thermal Equivalent Circuit of a Transistor,”
IBM. J. Res. Developm., 3, 1, January 1959 , pp. 35—45.

43. Sutcliffe, H. and D. J. Mathews. “Transistor Junction Temp.,”
Electronic Radio EntEr., 36, 4, April 1959, pp. 143—144.

44. Svedberg, P. “Measurement of Thermal Properties of Si Power Diodes,”
Elteknik, 2, 1, January 1959, pp. 11—14 (in Swedish).

45. Tauc, J. and A. Abraham. “Thermal Breakdown in Si P—N Junction,”
Phys. Rev., 108, November 1957 , pp. 936—937.

46. Verster, T. C. “Thermal Transient Effects in Junction Transistors,”
J. Electronics & Control (GB) 10, 3, March 1961, pp. 191—196.

47. Weitzsch, F. “Max. Junction Temp. of Transistors for Periodic
Pulse Operation,” Direct Current (GB) 6, 2, May 1961, pp. 48—52.

48. Weitzoch, F. “The Thermal Stability of Transistors Under Dynamic
Conditions,” Arch. elekt. Ubertrag,~~~ 13, 5, May 1959, pp. 185—198
(in German).

49. Yamagucki, J. and Y. Hamakawa. “Forward Characteristics of Ge P—N
Junctions,” Technol. Rep. Osaka Univ., 8, March 1958, pp. 29—34.
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